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Bio Sketch of Level-2 Manager

U
=
ATLAS

John Parsons (Professor of Physics, Columbia University)

e ATLAS roles include:

= Team Leader of Columbia University ATLAS group, since we joined as one of the
original US groups to join the LHC (in 1995)

= Since 4/2010, US ATLAS Level-2 Manager for LAr Maintenance & Operations

= Leader of group that developed and produced the Front End Board (FEB) of the
current LAr calorimeter readout, as well as 5 custom ASICs

» During original ATLAS construction, served for 5 years (‘03 — ‘08) as :

=  Member of ~20-person ATLAS Executive Board and ~30-person ATLAS Technical
Management Board

= LAr Electronics Coordinator
=  Member of ~¥10-person LAr Management Group and ~20-person LAr Steering Group

Served for 6 yrs (‘97 — ‘03) as Co-Convenor of ATLAS Top Quark physics working
group, and as member of ~20-person ATLAS Physics Coordination Board

e Previous experiments (and hardware roles) include:

= DZero (‘00 -"10, LAr trigger electronics), SSC (‘91 -’93, Leader of GEM LAr electronics),
ZEUS (90 —'99, Calorimeter readout electronics), ARGUS (‘85 —’90, Microvtx detector)

e Education/Outreach, Other:

= Pl of Nevis Labs REU Site since inception in 2001, Founder of Science-on-Hudson
public lecture series, Columbia U. Committee on Science Instruction, ...

= APS Fellow
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U
S
ATLAS
e System Overview and Upgrade Motivation
= Current LAr Calorimeter System
= Physics Motivations and Flow-down to Technical Requirements
= ATLAS Upgrade Plans
e QOrganization
= ATLAS and US ATLAS
e Proposed NSF HL-LHC Upgrade Scope
= Work Breakdown Structure and Contributing Universities
= U.S. Deliverables
e (Cost Estimates and Construction Project Management
= Construction Project Budget and Schedule
= External Dependencies
= Risk, Contingency, and Quality Assurance

e Closing Remarks
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ATLAS Calorimeter System

LAr hadronic
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LAr EM barrel
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ATLAS Calorimeter System
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LAr Calorimeter System
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LAr Calorimeter System
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LAr Calorimeter System

U
s
ATLAS I
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LAr Calorimeter System

e In Phase |, upgrading L1 trigger electronics to
be able to cope with lumi of 2E34
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e LAr HL-LHC upgrade plans are to:
e Replace LAr readout electronics, both front-end (FE) and back-end (BE)
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LAr Calorimeter System
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e LAr HL-LHC upgrade plans are to: sFCAL
. * Replace LAr readout electronics, both front-end (FE) and back-end (BE)
o S Possibly modify the forward region, with options including
S g e Possible new sFCAL to replace FCAL (or possible MiniFCAL in front of FCAL)
< = e Possible high-granularity timing detector (HGTD) in front of endcap cryostat
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Physics = NSF Scope Flowdown

U

S

ATLAS

SCIENCE GOALS I SCIENCE REQUIREMENTS I NSF SCOPE I
H - 4u(2.2%) Muon Trigger * Muon Electronics
VBF H - ZZ", WW" (17%,14%) « single p p, threshold ~ 20 GeV « Tile Electronics
VBS ssWW (5.9%) « geometric accept: 95% (barrel) « sMDT

SUSY x,* x,” - bb+X (850 GeV) « LOMuon

VBF H = ZZ', WW" (17%,14%) Electron Trigger « LAr+Tile Electronics
VBS ssWW (5.9%) « singlee p_threshold ~ 22 GeV e L1Global
SUSY x,*X,° > €bb+X (850 GeV) o L1Track/FTK++

HH - 4b (4.40 KK Graviton) I-> Jet Triggers » LAr+Tile Electronics
« 4-jetE_threshold ~ 75 GeV « LlGlobal

« “fat” jet threshold ~ 375 GeV * L1Track/FTK++
« jet-vertex confirmation at L1

LAr+Tile Electronics
e« L1Global
o L1Track/FTK++

‘ Compressed SUSY (x,* x,°) |-> Missing E. Trigger
« ME_threshold ~ 200 GeV

« track-based ME correction

Cost-Effective Trigger System that meets Science Requirements:
» <LO accept>=1 MHz (6/10us); <L1 accept>=400 kHz (30/60ps); <to storage>=10 kHz
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Physics = NSF Scope Flowdown

U

S

ATLAS

SCIENCE GOALS I SCIENCE REQUIREMENTS I NSF SCOPE I
H - 4u(2.2%) Muon Trigger * Muon Electronics
VBF H - ZZ", WW" (17%,14%) « single pu p, threshold ~ 20 GeV « Tile Electronics
VBS ssWW (5.9%) « geometric accept: 95% (barrel) « sMDT

SUSY x,* x,” - €bb+X (850 GeV) « LOMuon

e LAr+Tile Electronics
e L1Globa
e L1Track/FTK++

HH - 4b (4.40 KK Graviton) I-> Jet Triggers » LAr+Tile Electronics
o 4-jetE_threshold ~ 75 GeV . oba
« “fat” jet threshold ~ 375 GeV * L1Track/FTK++

« jet-vertex confirmation at L1

‘ Compressed SUSY (x,* x,°) I-> Missing E. Trigger
« ME_ threshold ~ 200 GeV

« track-based ME, correction

VBF H - 2Z', WW" (17%,14%) Electron Trigger
VBS ssWW (5.9%)
SUSY x,*X,° > €bb+X (850 GeV)

« singlee p_threshold ~ 22 GeV

. +Ti|e Electronics

. loba
e L1Track/FTK++
Cost-Effective Trigger System that meets Science Requirements:

» <LO accept>=1 MHz (6/10us); <L1 accept>=400 kHz (30/60us); <to storage>=10 kHz
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LAr HL-LHC Upgrade Motivation

U
S
ATLAS

e Meeting HL-LHC physics goals requires maintaining ability to trigger on low pT objects
(eg. ~20 GeV electrons and photons) in HL-LHC environment

e These EM triggers are dominated by fakes from jets, and their rates rise quickly with
instantaneous luminosity (eg. 22 GeV single electron trigger using the Phase | trigger
scheme would give a L1 trigger rate of 200 kHz at HL-LHC luminosity of 7.5E34)

e The existing LAr readout and trigger satisfies the original ATLAS detector
specifications, including L1 trigger rate < 100 kHz, L1 latency < 2.5 ps, ...

e This performance is NOT adequate to achieve the HL-LHC physics goals

e To achieve HL-LHC physics goals, move to new HL-LHC TDAQ architecture, including
LO/L1 trigger rates up to 1 MHz/400 kHz, with latencies up to 10 ps/60 us
e To adopt new TDAQ, we MUST completely replace LAr readout electronics (both FE and BE)

e To be able to keep trigger thresholds low, need to provide more information at earlier
trigger levels (eg. use EM shower shape variables at L1)

e To make this possible, develop new FE electronics, implementing digitization and
readout of FULL granularity (~170k channels, with ~16 bit dynamic range) at 40 MHz

e Also need to develop new BE electronics to process this data stream, and provide
inputs (for L1 and higher triggers, as well as final readout) to HL-LHC TDAQ_ system

John Parsons, LAr Calorimeter Conceptual Design Review, March 8-10, 2016, NSF



U
S
ATLAS

e LAr has established HL-LHC working groups, which are very actively working

* looking for replacement

** H, Chen and L. Hervas are
ATLAS LAr Phase | Project co-PLs

LAr Group Representatives

ATLAS LAr Organization

LAr Project Leader (PL)
M. Aleksa
LAr Management Group (LAMG)  —fum— LAr Steering Group (LASG)
Detector & . Software & Data Upgrade Phase | Upgrade Phase Il
- Data Quality (DQ) - = =
Operation (D&O0) E Kuwertz Preparation (UPI) (UPII)
L. Hervas, B. Trocmd . (SW&DP) H. Chen*¥, P. Krieger,

E. Monnier ’ H. Ma, P. Strizenec L. Hervas** A. Straessner
Malntep. &iRepairs LAr L1 trig. upgr. FE LAr Phase Il upgr.
Operation LAr Software . :

N - LAr L1 trig. upgr. BE Electronics (FE, BE)
Shutdown coord. LAr Monitoring & DQ Electr. calibration . .
. 0. Upgr. sim. & perf. Det. (sFCal, MiniFCal,
HV, LVPS, BE, FE DQ sign-off Cluster calibration S
. . Physics justification HGTD)
Cryogenics LAr DQ flags Data & calib process. . .

. . . . Tests & Integration Installation
Cooling system DQ shifts Simulation & Det. . .

. . . Demonstrator Upgr. simulation
Online SW & system Investig. of DQ issues descr. Proiect management Phvsics iustification
Trigger, DCS DQ tools & SW Upgrade SW & perf. ) 8 ! ySics JUSHINC

. schedules, FDR, PRR. Prepare decisions on
Shift & on-call & RCs Contact to ATLAS DQ Release coord.
Contact to ATLAS USC detector upgrade
Contact to ATLAS RC, Contact to ATLAS DP
TC Contact to upgr.phys. IDR and TDR prep.

e The LAr HL-LHC electronics group is co-convened by Gustaaf Brooijmans

(Columbia) and Arno Straessner (Dresden)
Conceptual Design Review, March 8-10, 2016, NSF
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Communication with International ATLAS

U
S
ATLAS
ATLAS Operations U.S. ATLAS
U.S. Operations | US. HL-LHC |
PM & DPM PM & DPM
US. HL-LHC |
Tech. Coord.
Sub-System U.S. L2 U.S. HL-LHC L2

Project Leader |

R&D Manager System Manager

1

System
Working Groups

ATLAS HL-

LHC

Upgrade Advisory Board
(Resource Coordinator: chair)

ATLAS HL-LHC
USC Chair

HL-LHC System
Project Leader

U.S. HL-LHC
Deliverable Managers

T

HL-LHC System
Working Groups

Sub-System
Institute Board
(U.S. Institutes)

John Parsons, LAr Calorimeter

HL-LHC System
Institute Board
(U.S. Institutes)
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HL-LHC LAr Readout Architecture
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US LAr WBS Structure and Institutions

6.4 Liquid Argon WBS (NSF)

Deliverable/Item Institution

FE Electronics

6.4.1.1 FE Electronics Columbia (John Parsons)

6.4.2.1 FE Electronics UT Austin (Tim Andeen)
Optics

6.4.3.2 Optics SMU (Jingbo Ye)

BE Electronics
6.4.4.3 BE Electronics Stony Brook (John Hobbs)
6.4.5.3 BE Electronics U Arizona (Ken Johns)

e NSF deliverables organized into 3 BOEs, including efforts by 5 university groups

e DOE scope includes PA/shaper ASIC and System Integration

John Parsons, LAr Calorimeter Conceptual Design Review, March 8-10, 2016, NSF



NSF Groups’ Deliverable Fractions

NSF FRACTIONS OF HL-LHC LAR CAL UPGRADE

e Focus our efforts on critical elements, where we can leverage our expertise and

play a leadership role
John Parsons, LAr Calorimeter Conceptual Design Review, March 8-10, 2016, NSF 18



) HL-LHC LAr FE Electronics

ATLAS

-

e Asin original construction, US groups
proposing to take lead responsibility

for electronics in LAr FE readout path, 6 4 .x.5 '
with deliverables including: 4 I. '
= Radiation-tolerant (65 nm) ASICs & ']]

N\

~

o Preamp/shaper (BNL, U Penn)
o 40 MHz ADC (Columbia)
o 10 Gbps Serializer (SMU)
o VCSEL array driver (SMU)

= QOptical transmitter (OTx) (SMU)

Preampl.

IShaper

n

hins,
ADC & Q)
Gain Selec
ADC &
Gain Selec,

ADC &
Gain Selec

ADC &

i Ga[n Selec,

—

Layer Sum
Boards
[LSB]

Il Upgrade
End Board

AT

6.4 X.2

CLK
Fanout

FEB2

= Frontend Board (FEB2) (Columbia) ™

e \WBS items: 6.4.x.1 (FE Electronics), 6.4.x.2 (Optics), 6.4.x.5 (PA/shaper - DOE)
e Apart from complementary French effort on Preamp/shaper, no non-US groups

are currently working on these tasks

e Full system of ~170k channels requires 1524 FEB2 boards (128 channels each)
e Asin original construction, planning to produce total of 1627

John Parsons, LAr Calorimeter Conceptual Design Review, March 8-10, 2016, NSF
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Photos of Current LAr Readout
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HL-LHC LAr FE Electronics

U
S
ATLAS

e NSF scope includes playing the leading role in development of the FE
electronics for the HL-LHC, and leverages the expertise of the university

groups involved

e WBS 6.4.x.1 (FE Electronics)
* Columbia — development of FEB2, custom dual-range 12-bit 40 MHz ADC

o Developed original FEB, as well as 5 out of 11 custom ASICs
o Developed custom rad-tol 12-bit 40 MHz ADC for Phase | upgrade

= UT Austin — ASIC testing/validation, including radiation qualification
o Tim Andeen (as Columbia postdoc) led Phase | ADC testing effort

e WABS 6.4.x.2 (Optical links)
= SMU - development of 10 Gbps optical links, incl. Serializer ASIC
o Was responsible for optical links (1.6 Gbps) of original FEB
o Developing 5 Gbps Serializer ASIC + optical links for Phase | upgrade

John Parsons, LAr Calorimeter Conceptual Design Review, March 8-10, 2016, NSF 21



HL-LHC LAr BE Electronics

U
S
ATLAS

e |PPR of HL-LHC is natural “evolution” of ATCA-based Phase | LDPS, developed
by US groups working with European groups (primarily LAPP Annecy)

N
_ t Phase Il Upgrade Pre-Processor (TTC Partition Master ]4__
; ) FPGA )
3 Ped Et 6 . 4 . X . 3
Sub N-tap FIR
Ped Et
sub P N-tap FIR L1-buffers
)
q) CD B = Output
Q_ D Sub P N-tap FIR ]—‘/ OTx m
46 D gﬁﬁ N-taEﬁ'Fln
@)
= LO-pipelines
D— | | | ...... L1 Accept
Logic
~LPPR ] ’

e Asin Phase |, Stony Brook/UAz propo‘se to develop LPPR motherboard (MB)
(WBS 6.4.x.3), both hardware and firmware (140 MBs needed in total)

= Stony Brook — emphasis on hardware
= U Arizona — emphasis on associated firmware

John Parsons, LAr Calorimeter Conceptual Design Review, March 8-10, 2016, NSF 22



HL-LHC LAr BE Electronics

NSF scope includes playing the leading role in development of the BE
motherboard for the HL-LHC, and leverages the expertise of the university

groups involved

WBS 6.4.4.3 (BE Electronics)
= Stony Brook — ATCA MB (carrier) and RTM (Rear Transition Module)
design, prototyping & production
o Responsibility for Phase | back end motherboard (ATCA cutout carrier) and
RTM hardware
o Included test AMC daughter card and additional smaller testing boards

WBS 6.4.5.3 (BE Firmware)
= Univ. of Arizona — Firmware for ATCA MB (carrier)
o Sole responsibility for all Phase-I motherboard firmware
o Responsible for portions of Phase-I AMC mezzanine firmware

John Parsons, LAr Calorimeter Conceptual Design Review, March 8-10, 2016, NSF



4. Developing a Baseline Budget

U
S
ATLAS

e The goal is to have a cost estimate that is comprehensive, well documented,
accurate and credible

* The cost estimate has been made bottoms up by the WBS Level 2 managers and
their cost estimators at a lower level of the WBS — presented in cost breakout

* The subsystems are at different levels of maturity which is captured in the BoE'’s

* The cost estimation methods, identified in the BoE’s, are consistent with GAO
Table 26 indicated in the charge:

* Analogy, Data Collection, Engineering build up, Expert opinion, Extrapolate from
actuals, Parametric, Software estimating Fuso cnr

1.0600

e Assumptions: escalation 3%/year;
exchange rate 1 USD = 0.95 CHF;
using institutional labor rates

1.0000

0.92_

0.9500

0.8000

0.8500

0.8000

- )
From M I ke TutS tal k o Jan 1, 2012 Jan 1, 2013 Jan 1, 2014 Jan 1, 2015
2011 2016
Mike Tuts ATLAS HL-LHC Conceptual Design Review, March 8-10, 2016, NSF 37
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4. Basis Of Estimates (BoE)

U
S
ATLAS

* BoE’s have been prepared for each deliverable providing details about the scope
and cost justification.

® |2 managers together and their cost estimators have prepared a bottoms up estimate
o Evaluated and built on estimates made at the international level

o Used initial vendor quotes, scaling from prototypes, or prior experience to estimate the
costs.

= A list of sub-deliverables (items) and associated tasks were defined for each
deliverable.

o This allowed us to estimate the amount of Labor (FTE) needed for each task. Many of
these estimates are based on prior experience (incl. Phase | upgrades), working with
prototypes, or discussions with engineering experts.

o Institutional Labor rates were used in determining the associated costs that includes the
standard inflation for out-years.

o Travel costs were also included.

* The L2 managers and cost estimators are prepared to discuss the details of these cost
estimates at their respective breakout sessions.

From Mike Tuts’ talk

Mike Tuts ATLAS HL-LHC Conceptual Design Review, March 8-10, 2016, NSF
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Cost and Effort Estimates

U
=
ATLAS

e Cost and effort estimates for NSF scope are detailed in 3 BOEs
= WBS 6.4.x.1 - FE Electronics  (Columbia, UT Austin)
= \WABS 6.4.x.2 - Optical Links (SMU)
= \WBS 6.4.x.3 - BE Electronics  (Stony Brook, U Arizona)

e Given the similarity of our HL-LHC deliverables to our previous ATLAS
responsibilities, cost and manpower estimates are mostly based on our
experience with either the original ATLAS construction project or the
ongoing ATLAS Phase | upgrade project

e Costing methods used, following GAO Guidelines: Analogy and Expert Opinion

e \We assume cost sharing wherein US pays 67% fraction of M&S charges for
FEB2 boards, OTx modules, and BE motherboards

e However, we include 100% M&S costs for all US-led ASIC productions
e These sharing arrangements are similar as for original ATLAS construction

e Totals (before contingency) are $18.6M and 73.2 FTE-years
e Only new hires are 1 technician (Columbia) and 1 EE postdoc (SUNY SB)

John Parsons, LAr Calorimeter Conceptual Design Review, March 8-10, 2016, NSF



NSF Budget and Effort

U
S
ATLAS
6.4 Liquid Argon NSF Total Cost (AYkS)
FY20 FY21 FY22 FY23 FY24 Grand Total
=
Labor 2,4o7§ 2,5822 2,541§ 1,635§ 1,347§ 10,512
M&S 9o7§ 2,005§ 1,991§ 1,9182 1,079§ 7,900
Travel 57 37 49 25 26 195
WBS 6.4 LAr NSF NSF Total 3,371 4,624 4,581 3578 2,453 18,607
Resource Breakdown
WBS 6.4 LAr L2
NSF Fiscal Year Costs AYkS
B Labor
3,000
" M&S
= Travel 2,500
2,000
B Labor
1,500
B V&S
1,000
© Travel
500
0

John Parsons, LAr Calorimeter

FY20

FY21 FY22 FY23 FY24
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NSF Cost and Effort (by Deliverable)

6.4 Liquid Argon Total NSF Cost by DeAIiverabIe‘(AYkS)

Deliverable/Item _ FY20 | Fy21  FY22  FY23  FY24 ___ Total
FE Electronics 1451 2595 2,758 2232 1,378 10,414
6.4.1.1FE Electronics = 1,333 2474 2634 2117 1,260 9,818
6.4.2.1 FE Electronics 119 121 123 115 118 596

Optics g 5 i
6.4.3.2 Optics 991 1,115 1,116 173 o] 3,396

BE Electronics 929 914 708 1,172 1,075 4,798
6.4.4.3 BE Electronics 765 686 504 995 948 3,808
6.4.5.3 BE Electronics 164 228 204 177. 126 900

NSF Grand Total . 3371 4624 4581 3578 2,453 18,607

6.4 Liquid Argon NSF Total FTEs by Deliverable

Deliverable/Item . FY20 © FY21  FY22 © FY23  FY24  Grand Total
FE Electronics 6.60 6.95 7.85 7.00 6.50 34.90
6.4.1.1 FE Electronics 5.60 5.95 6.85 6.00 5.50 29.90
6.4.2.1 FE Electronics 1.00 1.00 1.00 1.00 1.00 5.00

Optics ; 5 5 5 5 ;
6.4.3.2 Optics 5.25 7.00 6.95 1.00 20.20

BE Electronics 433 447 417 289 214 18.06
6.4.43BEElectronics 310 310 280 1.60 1.30 11.90
6.4.5.3 BE Electronics 1.29 137 1.37 1.29 0.84 6.16

John Parsons, LAr Calorimeter NSF Grand Total 16.24 18.42 18.97 10.89 8.64 73.16




4. Developing the Schedule

U
S
ATLAS

¢ The current schedule was developed by the WBS Level 2
managers and vetted by Project Management and the
Management Team

e The principal activity types of design, prototyping and
production were assessed for each deliverable and entered
into Excel

= External dependencies, where appropriate, were included in
developing the schedule

= We plan on migrating Primavera P6 by the end of the year to develop
the final resource loaded schedule, but the current method we find
more flexible for developing rather than tracking the schedule

From Mike Tuts’ talk

Mike Tuts ATLAS HL-LHC Conceptual Design Review, March 8-10, 2016, NSF
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NSF Schedule & Milestones

U.S. ATLAS HL-LHC Upgrade Project
WBS 6.4 Liquid Argon NSF Deliverable Summary Schedule

WBS Deliverable/Task FY17 FY18 FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26

NSF Milestones V por DRV W NsB Approves Construction start

LAr Milestones ' LAr Upgrade TDR Begin LHC r-start | '

16.4.x.1 FE Electronics | Prod Compl Test Compl

Design/Prototype : Y | V CERN Required date
Production ]
Installation & Commissioning C—— :

16.4.x.2 Optics
Design/Prototype
Production

Prod Compl Test Compl |
Required for

\7 FEB2

16.4.x.3 BE Electronics Prod Compl Test Compl

Design/Prototype Start Install
Production s Z

Installation & Commissioning CERN required date —

4

KEY:

_ Design/Prototype : Pre-Production : Production
: not supported by Project : Other C——) Minimum Float

e US schedule developed to be consistent with LAr milestones presented in
Scoping Document

e Planning includes 6-12 months of schedule float

John Parsons, LAr Calorimeter Conceptual Design Review, March 8-10, 2016, NSF 30



External Dependencies

U
=
ATLAS
6.4 Liquid Argon
6.4.x.1|FE Electronics [Frontend PA/shaper ASIC Maintain tight coordination and oversight via
Board (FEB2) |(BNL/UPenn - DOE scope) System Engineering. Well-advanced SiGe

version is a backup in case of problems with
development of baseline in 65 nm CMOS.
Complementary efforts underway in France.

6.4.x.2 |Optics Project self-contained in NSF scope

6.4.x.3 |BE Electronics [LPPR Mezzanine card (France) Clearly define, with help from System
Motherboard Engineering, interfaces between MB and
(MB) mezzanines. Develop mezzanine-style test

cards that will allow MB to be fully tested and
qualified even without final mezzanines being
available.

e Have worked to minimize potential impact of external delays

e FEB2 and LPPR MB production testing and validation/acceptance procedures will be
clearly defined to minimize reliance on external deliverables

e System Engineering plays important role, ensuring interfaces are properly defined, etc.
e PA/shaper ASIC is essential component of production FEB2 boards

e Baseline and (well-advanced) backup developments are part of DOE scope, and will be
tightly coordinated within US ATLAS

e There is also complementary development effort in France
John Parsons, LAr Calorimeter Conceptual Design Review, March 8-10, 2016, NSF



U
=
ATLAS

HL-LHC Upgrade Project Risk Registry for L2 Systems
January 4, 2016

WBS Title

Risk Owner

Liauid A

Parsons, John

Score

Average Risk

Identified Risks (See BoEs)

6.4.x1

FE Electronics

Parsons, John

5

*Problems that can only be found at bench test and
system integration test may impact project schedule.
*Delays in ASIC schedule can lead to assembly schedule
delays. *Achieving the required performance might
require additioal engineering effort. *Given preliminary
nature of FEB2 design. final cost could be higher.

6.4.x.2

Optics

Parsons, John

M L L 35%

35

Delay in 1pGBT project may impact ASIC design.
*Additional engineering could be effort required for
ASIC. * Finding vendor qualified to assemble OTx

6.4.x3

BE Electronics

Parsons, John

1,840

5.0

*Problems that can only be found at bench teat and
system integration test may impact project schedule.
*Complexity of board requires complex manufacture and|
assembly process, needs more iterations. *A vendor part
may require an intervention at the level of design of the
overall system and some modifications of the
assemblies.

6.4x4

System Integration

Parsons, John

M M L 35%

1,098

5.0

*Problems that can only be found at integration stage
may mpact project schedule and require modifications
to one or more components. *A vendor part may require
intervention at the level of design of the overall system

6.4x5

DOE
Sc?pe

PA/Shaper

Parsons, John

M L M 35%

1,021

45

*Problems that can only be found at bench test and
system integration test may impact project schedule,
requinng additional engineering work.. *Late delivery of
ASICs. * Analog circuits can require multiple

submissions due to unfreseen performance or

Ing jssnes

—

e Leading risks, and mitigation strategies, identified in BOEs

For example, cost and schedule risks in custom ASIC development, common fabrication run, ...

John Parsons, LAr Calorimeter
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Examples of Risks Considered

e \WBS 6.4.x.1 — FE Electronics

e Potential problem: Delay in any ASIC could prevent shared production run (and reduced cost
due to sharing of NRE costs).

e Mitigation: Add engineering efforts to perform extensive and comprehensive chip evaluation
test, aim to solve all potential issues in early prototype runs. Use schedule contingency to keep
the various ASIC productions schedules aligned. Use 65 nm CMOS process, which is used for a
large number of HL-LHC ASICs, in order to be in a position to find other partners to share an
additional production run if required, thereby sharing the additional costs.

e WBS 6.4.x.2 — Optical Links

e Potential problem: More effort could be required in ASIC design
e Mitigation: Use contingency to add additional engineering manpower if necessary.

e \WBS 6.4.x.3 — BE Electronics

e Potential problem: Technical issues such as cross-talk, coherent noise, jitter may only be
discovered at the integration stage, and would most likely require modifications to one or more
components.

e Mitigation: Start integration early, at each prototype stage, including for components, and
apply rigorous performance standards at all times. Add engineering efforts where needed.
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Contingency

U
S
ATLAS

Budget Contingency

e Following rules adopted for assigning contingency at this conceptual design stage,
35% budget contingency assigned top-down to all LAr deliverables

e Arisk-based bottom-up contingency analysis is being developed

Scope Contingency
» Provide less firmware effort for BE MBs (up to ~ S1M)

o Decision up to FY22; would provide only minimal firmware to allow testing
and validation of production MBs

= Cover M&S for < 67% of FEB2 boards/OTx modules/BE MBs (up to S1M)

o Decision by FY20; would need to renegotiate (at level of overall ATLAS) final
cost sharing

Scope Opportunity
= Cover M&S for > 67% of FEB2 boards/OTx modules/BE MBs (up to ~ $2.4M)
= HGTD contribution (up to ~ $5.3M)
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System Engineering

U
S
ATLAS

e \We have appointed Hucheng Chen (BNL) as the US ATLAS HL-LHC LAr System
Engineer

e Hucheng has been heavily involved in LAr for many years, knows the system very
well, and is himself very well known in the LAr community

e Hucheng is also the lead engineer in the “System Integration” task that is part of
the LAr DoE scope

e Ensuring a clear definition and specification of all interfaces is a critical
component of managing risk, in particular due to external dependencies

e Tasks include:

e Coordinate in US across NSF/DoE boundary, and with international ATLAS

e Maintain tight coordination and oversight of PA/shaper developments, both in US and
France, and prepare for technology decision

e Coordinate 65 nm ASIC developments, with eye to shared production run
e Oversee FE System Crate Test, required before launching FEB2 production

e Ensure BE interfaces defined such that MBs can be validated even if final mezzanines
delayed

John Parsons, LAr Calorimeter Conceptual Design Review, March 8-10, 2016, NSF



Closing Remarks

U
S
ATLAS

e NSF scope deliverables for LAr follow directly from our expertise and
experience from the original ATLAS construction project and the ATLAS

Phase | Upgrade project

e This expertise also provides us with confidence in the budget/effort
estimates, which (without contingency) total :

e $18.6M and 73.2 FTE-years (NSF, FY20-24)
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Closing Remarks

U
S
ATLAS

e NSF scope deliverables for LAr follow directly from our expertise and
experience from the original ATLAS construction project and the ATLAS
Phase | Upgrade project

e This expertise also provides us with confidence in the budget/effort
estimates, which (without contingency) total :

e $18.6M and 73.2 FTE-years (NSF, FY20-24)

e Next we can look at the BOEs that you requested to discuss in more
detail, namely:
e WABS 6.4.x.1 FE Electronics (discussion will be led by JP)
e \WBS 6.4.x.3 BE Electronics (discussion will be led by John Hobbs of Stony Brook)
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Additional Management Slides

John Parsons, LAr Calorimeter
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@ 4. Cost Book & Basis of Estimate

ATLAS
e All cost and schedule information can be found on the review

website http://www.usatlas.bnl.gov/HL-LHC/reviews/CDR Mar 2016/cost books.php

= Summary and individual subproject schedules
® Cost book contains cost profiles = BoE contains

for WBS level 2 subsystem by o The WBS dictionary definition for
Expense type (Labor/M&S/Travel) WABS level 4 systems
Institution totals o ldentification of the Cost Estimate
Activity phase (e.g. Design/ type (GAO categories)
Prototype/Production) by o Explanation of the work
institution o Cost Estimate details
Deliverables (and broken down by o Assumptions
institution) Schedule

Labor type (Engineer/
Instrumentation Physicists/
Technician/Student)

"From Mike Tuts’ tal

Risk Identification and analysis

Backup material (quotes, est., etc)

QLAS HL-LHC Conceptual Design Review, March 8-10, 2016, NSF
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BOE for WBS 6.4.x.1 FE Electronics

WBS #

WABS Dictionary
(description of
deliverables)

Cost Estimating
Methods
(following GAQO)

John Parsons, LAr Calorimeter

Date of Est:
2/19/2016
US ATLAS Prepared by:
HL_LHC Upgrade John Pa.l'sons, Tim Andee'n .
U Responsible Inst: Columbia, UT Austin
S el BASIS of ESTIMATE (BoE) Docdb #: 24

WBS number: 6.4.1.1 (LArFE_Columbia), | WBS Title: LAr Front End Electronics Development at Columbia
6.4.2.1 (LArYFE _UTAustin) | University and UT Austin

‘WBS Dictionary Definition:

This BOE covers the effort at Columbia University Nevis Laboratories and UT Austin, on the
prototyping and production of frontend readout electronics for the LAr calorimeter system as part of the
HL-LHC upgrade of the ATLAS detector. The work includes development of new Frontend Boards
(FEB2) as well as a custom 40 MHz ADC ASIC that is a critical element of the FEB2 readout
architecture. The FEB2 is required to be able to adapt the LAr readout to the new TDAQ architecture
planned for use during the HL-LHC phase of ATLAS operation.

A total of 1524 FEB2 boards, each instrumenting 128 calorimeter channels, 1s needed to equip the entire
LAr calorimeter system. Including preproduction FEB2 boards as well as those to be used in test stands,
the deliverables include 1627 FEB2 boards. The M&S costs also include typically 6% overages for all
FEB2 components, to allow for future maintenance. In addition, with each ADC chip instrumenting 4
LAr calorimetry channels, a total of ~55k fully qualified ADC chips must be delivered.

Estimate Type (check all that apply — see BOE Report for estimate type by activity):

_X_Analogy

____Data Collection

____ Engineering Build-up

_ X _Expert Opinion

___ Extrapolate from Actuals
____ Parametric

____ Software Estimating

Conceptual Design Review, March 8-10, 2016, NSF
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Strategy for Cost and Effort Estimates

U
S
ATLAS

M&S Costs

e ADC ASIC cost estimate developed in consultation with engineering staff,
and including information in budgetary quote from CERN for 65 nm TSMC
process

e FEB2 cost estimate based on analogy with original FEB costs, in consultation
with engineering staff, with additional cross-check of estimate derived from
costs of Phase | LTDB motherboard

Effort
e Effort estimate prepared bottom up, in consultation with engineering staff
e ADC effort based on experience with Phase | 40 MHz ADC development

e FEB2 effort based on experience with original FEB

John Parsons, LAr Calorimeter Conceptual Design Review, March 8-10, 2016, NSF
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Summary table of
cost and effort at
each university

John Parsons, LAr Calorimeter

BOE Table: 6.4.x.1 FE Electronics

6.4.x.1 LAr FE Electronics

~ Labor Labor  M&S Travel TOTAL
WBS Description __FTE Ayk$  AykS  AykS  Ayk$

6.4.x.1 SLAr FE Electronics

6.4.1.1  LArFE_Columbia o 209 4947 4816 55 9,818
. Instr.Physicists Y- T T T
.................................. Engineers 12
................................. Techs 109
.................................. EEPhDStudents 1.0
6.4.2.1  LArFE_UTAustin o 50 423 133 40 596
. Instr. Physicists w T NS S
wii.. Engneers Y D T
. Techs 72> S B R S
EE PhD Students -

Conceptual Design Review, March 8-10, 2016, NSF
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Schedule of Original FEB Production

U
S
ATLAS

Schedule:

The anticipated schedule follows from the experience with the original FEB production. As
shown in the chart below, production of the original FEB took just over 12 months, from the time that
PCB fabrication was launched until the last FEB was delivered from Nevis to BNL/LAL.

FEB Production Tracking
S, —
1600 | !lr
1400 ~1611 FEBs Total '_/IJ_I A_I_,
——1524 FEBs ATLAS | [/ f
151 200 . |
Based on original FEB PCB
i ——Assy FEBs
FEB experience, 4 10w
i ra ——FEBs to NEVIS
FEB2 production 3 s | ,-G’ijjf
spread mostly § 600 { —TolINEVISIOBNLLAL
over 2 fiscal years = 6w f/,ljr {rr
200 i
rrr_’-l-,
0 I l I I . ' ! T
= 3 3 3 3 3 & 3 3 3 = 3 = 3
Date
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Original FEB

Production & Testing

FEB2 production
planning closely
follows successful
scheme used for
original FEB

John Parsons, LAr Calorimeter

Manufacturer ( Nevis )
N— \
[ Board assembly |
! ¢ l [EAX: L
[Visual inspection [ Repair_| | Visual inspection - Debugging/
repai
v
Single-board digital testing: ¥
.Configure Debuaaing/ Digital testing:
.DC currents ret:.)airgglng .Configure
-DCU readout -DC currents
-Pedestal/RMS in 3 gains .DCU readout :
l .DCU calib. currents —> zet;??glng/
— .Pedestal/RMS in 3 gains Srepan
HASS cycling: Debuacing 9
.6 hours of temp. cycling re(::airg gng’ = -QPLL lock range
.DCU readout + triggering -Frequency jitter
.pedestal/RMS in 3 gains Oplicll measLremants
BNL/LAL
~95% ~5%
| PAassembly | | PAassembly |
A J | A 4 1
Analog measurements: [ Debugging/ Analog measurements: »| Debugging/
.Pulse-shapes repair -Pulse-shapes repair
.Timing-, energy-res. .Timing-, energy-res.
.Linearity .Linearity
.SCA failures .SCA failures
| N J J
| Cooling plate assembly | ~p passed
— failed
J = finished
'
|_Final analog measurements e Installation, commissioning SR CoREE

- J

Conceptual Design Review, March 8-10, 2016, NSF

cations from QPLL and OTX delays.
May 11", 2005

44



M&S Costs of Original FEB

FEB2 M&S costs
based by Analogy
on M&S costs of
original FEB

John Parsons, LAr Calorimeter

Assembled FEBs
Cost Spare FEB

Component Cost/FEB Extended | Fixed Parts Total

SCA $837.69| $1,363,007 $81,780]  $1,444,788
ADC $352.64 $573,784 $45,9031 $619,687
SCA Controller $280,000( $of $280,000
Voltage regulators $318.71 $518,583 $41.487[ $560,069
Config. Controller $25.85 $42,054 $3,364[ $45,418
Gain Selector $0.00 $0 540,000 $0 $40,000
Spac Slave $36.36 $59,168 $4 733[ $63,901
SPAC connector $4.00 $6,508 $521[ $7,029
Twin-ax $4.85 $7.891 $631[ $8.523
COTS $351.17 $571,393 545,711 $617,104
PC board $173.00 $281,490 i $281,490
preamp RF shield $17.24 $28,052 i $28,052
BP connector shield $34.88 $56,754 45401 561,294
BP connectors $12.00 $19,525 $1,562[ 521,087
Power connector $16.24 $26,424 $2,114[ $28,538
Power comb $13.05 $21,234 $1,6991 $22,932
Front panel $50.00 $81,356 i $81,356
Ground pins $15.00 $24 407 $1,953[ $26,359
Conductive tapes $20.00 $32,542 i $32,542
Cooling interface $100.00 $162,711 i $162,711
Assembly $475.00 $772,877 i $772,877
TTCrx $33.14 $53,927 $4,314[ $58,241
Reserve $100.00 $162,71 i $162,711
Total cost (FEB) r $2,991] $5,186,397 F$240,313 §5,426,710

Conceptual Design Review, March 8-10, 2016, NSF
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M&S Costs of Ph. | LTDB Motherboard

Cost Estimate of LTDB DIEItaI Mother Board

P/N Manufacture Description Distributor |Qty Unit Cost Cost/Board Contingency [Value
LTDB MB Many PCB Fabrication Many 1| $ 450.00 | S 450.00 50%| $ 225.00
Assembly Many PCB Assembly Many 1] S 485.00| S 485.00 50%| S 242.50
Analog Mezzanine  |LAr 40-ch Analog Mezzanine Card BNL 8] $ - S - 0%| S -
ADC IBM ADC IBM 80| S - S - 0%| S -
Serializer Peregrine Serializer Peregrine 20| S - S - 0%| S -
Interface ASIC IBM Multiplexer between ADC and Serializer] IBM 201 $ - S - 0%| S -
Optical Module SMU Optical Module SMU 20| S - S - 0%| S -
Cooling Plate Custom Cooling Plate Custom 2] S - S - 0%| S -
LTM4616 Linear Point of Load Converter Digikey 6] S 2362|5S 141.72 20%| S 28.34
LTM4619 Linear Point of Load Converter Digikey 6] S 2034 |S 122.04 20%| S 24.41
TPS74401 Tl LDO Regulator Digikey 8] S 550 | S 44.00 20%| S 8.80
5352068-1 TE Type A iight Angle 2mm HM Connector|Digikey 3] S 697 | S 20.92 20%| S 4.18
5352152-1 TE Type B Right Angle 2mm HM Connector|Digikey 3]1$ 7.24 | S 21.71 20%| S 434
5338108-2 TE Type A Lower Shield Digikey 3] S 207 | S 6.22 20%| S 1.24
352468-2 TE Type B Lower Shield Digikey 3] 492 | S 14.76 20%| S 2.95
KS$10-0002 Hypertronics 10-pin Right Angle Power Connector Hypertronicy 1] S 25.78 | S 25.78 20%| S 5.16
84517 FCl FCl Meg-Array Connector Digikey 16] S 10.56 | S 168.96 20%| S 33.79
Front Panel Many Front Panel Assembly Many 1] $ 3500|S 35.00 20%| S 7.00
Misc (Resistor, Capaci|Rohm/AVX SMT Chip Resistor/Ceramic Capacitor | Digikey 10000} S 0.02 ]S 200.00 20%| S  40.00
S 1,736.11[ 36%| S 627.72
Total Cost 150 S 260,416.22 36%
Additional cross check of FEB2 M&S costs based by Analogy on M&S costs of Phase | LTDB
John Parsons, LAr Calorimeter Conceptual Design Review, March 8-10, 2016, NSF 46



Budgetary Estimate of 65 nm ASIC Costs

U
S
ATLAS

From Philippe Farthouati ® Reply  =pForward [ Archive @ Junk (@ Delete More~
Subject Re: 65 nm question 10/7/15, 12:25 PM

T'o John ParsonsW
Cc Philippe Farthouat®

Hi John,

An MPW run in 65 nm for a 12 mm2 chip costs about 63 kUSD (I think it contains 100 chips).
An MPW run for a 64 mm2 chip costs 320 kUSD

NRE for full mask set and 6 wafers delivered costs about 760 kUSD (2016 price)
NRE when multi layer mask (MLM) is used and 6 wafers delivered: 483 kUSD (2016 price)

Production cost for 250 wafers (no MLM): 802 kUSD (2016)
Production cost for 25 wafers (no MLM): 85 kUSD (2016)

NRE and production costs are for “base technology” i.e. 12" wafers, standard core transistors, 2.5 V IO transistors, 7 metal layers
Might be wise not to circulate these numbers too largely...

Cheers, Philippe

Philippe Farthouat Tel: +41 (0)22 767 6221

PH Department Mobile: +41 (@0)75 411 5318

CERN Fax: +41 (8)22 766 9576
CH-1211 Geneva 23 Email: Philippe.Farthouat@cern.ch
Switzerland

65 nm ASIC M&S costs (including ADC) based on budgetary information provided by CERN
about contract and expected costs with TSMC.
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Backup Slides
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U
S

Current LAr Frontend Board (FEB)

ATLAS

The FEB2 analog specifications are
essentially the same as those of
the original FEB (since need to
maintain current performance at
HL-LHC conditions to meet physics
goals)

However, on current FEB signals
are sampled at 40 MHz and stored
in analog memories, with
digitization and readout only done
for L1 triggered events, at max.
rate of 100 kHz (and after max.
latency of 2.5 us)

Current FEB meets or exceeds all original ATLAS specifications

At end of Run 1, all 1524 FEBs were functional (despite not being serviced for ~ 2 yrs)

John Parsons, LAr Calorimeter Conceptual Design Review, March 8-10, 2016, NSF
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LAr FE Electronics Installed

e FEBs and other FE

L 7 ¢ s 8 % \
SF o 1 9 N : > % - kN ’
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boards (CALIB, Control, Trigger) placed in crates mounted

directly on to the calorimeter cryostat feedthroughs

John Parsons, LAr Calorimeter
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LAr Electronics Radiation Tolerance

Table 14. Radiation tolerance criteria of the LAr electronics for operation at HL-LHC for a total luminosity
of 3000 fb ", including safety factors for background estimation, given in brackets. For COTS, an additional
safety factor of 4 is included in case of production in unknown multiple lots. Furthermore, the ATLAS policy
specifies annealing tests that allow reducing the enhanced low dose rate safety-factor to 1, which currently is
set to 1.5 for ASICs and 5 for COTS.

TID [kGy] | NIEL [n./cm’] | SEE [W/cm’]
ASIC 0.75 (2.25) | 2.0x 1013 2) | 3.8x10"% (2
COTS (multiple lots) 9.9 (30) | 82x 10" (8) | 1.5x 10" (8)
COTS (single-lot) 25 (7.5) | 20x10"° (2) | 3.8x10? (2
LVPS (EMB and EMEC) | 0.58  (30) | 92x10"° (8) | 2.4x10'° (8)
LVPS (HEC) 017 (2.25) | 47x 10" (2) | 27x10'" (2
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LAr WBS Structure and Institutions

6.4 Liquid Argon WBS (NSF)

BE Electronics
6.4.4.3 BE Electronics
6.4.5.3 BE Electronics

Deliverable/Item Institution
FE Electronics
6.4.1.1 FE Electronics Columbia
6.4.2.1 FE Electronics UT Austin
Optics
6.4.3.2 Optics SMU

Stony Brook

U Arizona

6.4 Liquid Argon WBS (DOE)

e 8 university groups and 2 labs

e US deliverables organized into 7 BOEs

= 5in baseline (3 NSF, 2 DOE)
= 2in DOE “Scope Opportunity”

John Parsons, LAr Calorimeter

Deliverable/Item Institution
System Integration
6.4.6.4 System Integration BNL
PA/Shaper
6.4.6.5 PA/Shaper BNL
6.4.7.5 PA/Shaper U Penn
sFCAL
=y
c 6.4.5.6 sFCAL U Arizona
=
t
2
HGTD
o
@) 6.4.7.7 HGTD U Penn
(]
8. 6.4.8.7 HGTD UCSC
o 4.9.7 HGTD LA
N 6.4.9 G SLAC
6.4.10.7 HGTD U lowa
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) LAr Electronics CORE Costs

ATLAS
WBSID Upgrade ltem All Cost Scenarios [KCHF]
3.1 LAr Readout Electronics 31,394
3.1.1 LAr Front-end Electronics 20,427
3.1.1.1 | Front-end Boards (FEB-2) 9,743
3.1.1.2 | Optical fibres and fibre plant 4,306
3.1.1.3 | Front-end power distribution system 3,123
3.1.1.4 | HEC LVPS 622
3.1.1.5 | Calibration System 2,484
3.1.1.6 | Shipping and Logistics 150
3.1.2 LAr Back-end Electronics 10,967
3.1.2.1 | LAr Pre-processor Boards (LPPR) 10,212
3.1.2.2 | Transition modules 122
3.1.2.3 | ATCA shelves 66
3.1.2.4 | ATCA switches 76
3.1.25 | Server PC 22
3.1.2.6 | Controller PC 8
3.1.27 | FELIX/TTC System 460

John Parsons, LAr Calorimeter
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System Integration

U
S
ATLAS

e WABS 6.4.x.4 covers “System Integration” task at BNL, which is
part of DOE scope

e Work involved includes:

e Frontend Crate System Test, performed to validate the FE system
integration and overall performance before PRRs of the various FE

crate boards (including FEB2)
e Validation and final analog tests
of 50% of the FEB2 boards

test of FE and BE electronics

e The equivalent tests were

performed at BNL during the
original ATLAS construction
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LAr Electronics Schedule (from SD)

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
I I | | I | I | I | | |

I I I I I [ I I I [ I I [ [ I I [ I I I [
Q1-2 Q34 Q1-2 Q34 Q1-2 Q34 Q1-2 Q3-4 Q1-2 Q3-4 Q1-2 Q3-4 Q1-2 Q34 Q1-2 Q34 Q1-2 Q34 Q1-2 Q34 Q1-2 Q34

LAr Readout Electronics

———— Simulaton, design optimisation, R&D
o LArUpgrade IDR
R&D and prototyping
o LArUpgrade TDR
o Front-end: R&D and prototyping
—  Front-end: PDR, FDR, PRR

Front-end: Production S
Front-end: Installation and Commissioning Y

—————— Back-end: R&D and prototyping
; . Back-end: PDR, FDR, PRR

Back-end: Production T
Back-end: Installation and Commissioning P

Figure 26. Overview of the time-line and milestones for the main system components of the front-end and
back-end systems of the LAr readout electronics upgrade.
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HL-LHC TDAQ Architecture

U
S
ATLAS _
ITK Calo Muon Trigger
* | - , output rate / latency
v w
F'I' - F'I' F'I' LO Calo LO Muon Level-0
elix elix elix -
[ L
" ? " \ / 1 MHz /10 ps
: oS LOTopo/CTP/RoIE
S
DAQ/ | | y
. I i L1 Track
Event Filter <
i v
| | L1 Global Level-1
; L1 v 400 kHz / 60 ps
- : L1 CTP
v v \ 4
Data Handlers < Felix

! | I

Event Builder
1 l 1 —p Data to DAQ/Event Filter

— Data Input to Trigger

Storage Handler Trigger Signals: LO, L1

t 1 l trigger + Regional
1 1 Event Rgadout Request (R3)
Event Filter FTK++ | [ Aggregator —— Trigger Data to Readout

l

Output 10 KHz
John Parsons, LAr Calorimeter Conceptual Design Review, March 8-10, 2016, NSF



DOE Budget and Effort

6.4 Liquid Argon DOE Total Cost (AYkS)

Grand
Total

DOE

FY1S8  FY19  FY20  FY21  FY22  FY23  Fv24

labor 683 839 907 805 829 662 682
M&S 160 160 210 140 140 50 50
Travel 25 35 35 35 35 15 15
DOETotal 868 1,034 1,152 980 1,004 727 747

5,408
910
195

6,513

WBS 6.4 LAr L2 DOE
Resource Breakdown

B Labor
m M&S

© Travel
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WBS 6.4 LAr L2
DOE Fiscal Year Cost AYkS
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0 . 1 —
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|

Labor
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Travel
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DOE Cost and Effort (by Deliverable)

6.4 Liquid Argon Total DOE Cost by Deliverable (AYkS$)

Deliverable/ltem  FY18  FY19 FY20 FY21  FY22 FY23  FY24 _ Total
System Integration 248 448 464 475 488 727 747 3,596
6.4.6.4 System Integration 248 448 464 475 488 727 747 3,59

PA/Shaper 621 58 688 505 516 0 0 2916
6.4.6.5PA/Shaper 439 452 515 417 426 2,249
6.4.7.5 PA/Shaper 182 135 173 88 90 0 0 667

o

DOE Grand Total 868 1,034 1,152 980 1,004 727 747 6,513
6.4 Liquid Argon Total DOE FTEs by Deliverable

~ Grand
Deliverable/item  FY18 FY19 FY20 FY21 FY22 FY23 FY24 _ Total

System Integration ~~ 1.00  2.00 200 200 200 3.00 3.00  15.00

6.4.6.4 System Integration ~ 1.00 200 200 200 200 3.00 3.00  15.00

11.96
7.50
4.46

PA/Shaper 273 243 280 200 2.00
6.4.6.5 PA/Shaper 150 150 150 150 1.50
6.4.7.5 PA/Shaper 123 093 130 050 0.0

DOE Grand Total 373 443 480 400 400 3.00 3.00  26.96
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DOE Cost and Effort (by Phase)

6.4 Liquid Argon DOE Total Cost by Phase (AYkS$)

Deliverable/ltem/Phase  FY18  FY19  FY20  FY21  FY22  FY23

FY24  Grand Total

6.4.6 LAr_BNL

6.4.6.5 PA/Shaper 439 452 515 417 426
Design - 439 0 0 0 0
Prototype 0 452 515 0 0
Production O 0 O 417 426

6.4.7 LAr_Penn 182 135 173 88 90

6.4.7.5 PA/Shaper 182 135 173 88 90
Design 182 0 0 0 0
Prototype 0 135 173 0 0
Production 0 0 0 88 90

687 900 979 892 914 727
6.4.6.4 System Integration 248 448 464 475 488 727
Design 248 448 464 0 0 0
Prototype 0 0 0 475 488 0
Production 0 0 0 0 0 727

DOE Grand Total 868 1,034 1,152 980 1,004 727

747 5,845
747 3,596
0 1,159
0 963
747 1,474
2,249
439
967
843
667
667
182
308
178

747 6,513
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LAr HL-LHC Upgrade Motivation :

o Forward Re

e HL-LHC physics program (in particular, VBF Higgs production, VBS, ...) places a
premium on detector performance in the forward region

e At HL-LHC rates, existing FCAL will suffer degraded performance, due to space
charge effects, time-dependent HV due to drops across HV resistors, ...

e Also, there are some concerns (being investigated) that there could be LAr boiling

e A number of options being considered:

1. Replace FCAL with new sFCAL with thinner LAr gaps (to avoid space charge
problems), which could have finer granularity for enhanced performance

Place “miniFCAL” in front of existing FCAL, to absorb some of the energy
Do “nothing” and live with degraded FCAL performance

e Also investigating placing a “4D” high-granularity timing detector (HGTD) in
front of endcap cryostats, to help with pileup rejection, aid in triggering,
improve EM response in forward region, ...
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sFCAL (WBS 6.4.x.6)

U
S
ATLAS

e Anovel feature of ATLAS is LAr “rod-and-tube”-geometry forward calorimeter (FCAL),
developed by U Arizona group Efm

Cu/LAr
10 — MiniFCal

L e T
350 400 750 500 550 600 650 Z (cm)

e New sFCAL with thinner gaps (down to 100 um, instead of 270 — 500 um) would avoid
space charge and other problems in HL-LHC environment

>

e sFCAL would also allow finer granularity, and therefore improved performance
e Asfor current FCAL, U Arizona to produce sFCAL1 modules, as well as cold electronics

e sFCAL performance needs to be evaluated, and balanced against risks involved in
opening cryostats (in pit) to replace FCAL
e Other options include MiniFCAL in front of FCAL, or doing nothing
e ATLAS decision about FCAL options planned to be made in June 2016
e For now, sFCAL (WBS 6.4.x.6) is included in DOE “Scope Opportunity” (~ $5.4M)
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John Parsons, LAr Calorimeter

Possible new “4D” detector in front of EC cryostats Barrel ‘I“
* Az =60 mm detector; |n| range of 2.4 — 4.1 (or even up to 5.0) Cryostat

Assuming multiple (eg. 4) layers of Si-based detectors (eg.
LGADs developed by UCSC with some CMS collaborators)

* Could include absorber plates if also used as preshower ,?; p
= Synergies with option of Si/Cu miniFCAL (and also CMS HL-LHC)_//J-;_/;?://

+
ID END PL»
e /:an eraving ATUI
M
= =]

High-Granularity Timing Detector

HGTD (WBS 6.4.x.7

Endcap
Cryostat

P POLYMODERA Gap from RIOE | 40
FIXE

of HGTD, with roles including: T | [ (7 ety C
" Francesco Lanni,BNL (HGTD co-Convenor) ;i;E
= Abe Seiden,UCSC (co-Convenor of Detector System group) L — Y el
——————plledi— 20 T
= Ariel Schwartzman,SLAC (co-Convenor of Software&Perf.group) _IF . —z=24#—"" I
Simulation program underway to investigate physics impact = = —_— < NN
In parallel, proceeding with R&D on detectors, readout, ...

ATLAS decision whether to build HGTD planned for May 2017

0§ —

= Possible US HGTD contribution (WBS 6.4.x.7) included in DOE
“Scope Opportunity” (~ $5.3M)
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Table 26: Questions for Checking the Accuracy of Estimating Techniques

Technique

Question

U Analogy
ATLAS

What heritage programs and scaling factors were used to create the analogy?

Are the analogous data from reliable sources?

Did technical experts validate the scaling factor?

Can any unusual requirements invalidate the analogy?

Are the parameters used to develop an analogous factor similar to the program being
estimated?

How were adjustments made to account for differences between existing and new
systems? Were they logical, credible, and acceptable?

Data collection

How old are the data? Are they still relevant to the new program?

= s there enough knowledge about the data source to determine if it can be used to

estimate accurate costs for the new program?

Has a data scatter plot been developed to determine whether any outliers,
relationships, and trends exist?

Were descriptive statistics generated to describe the data, including the historical
average, mean, standard deviation, and coefficient of variation?

If data outliers were removed, did the data fall outside three standard deviations?
Were comparisons made to historical data to show they were an anomaly?

Were the data properly normalized so that comparisons and projections are valid?
Were the cost data adjusted for inflation so that they could be described in like terms?

Engineering build-up

Was each WBS cost element defined in enough detail to use this method correctly?
Are data adequate to accurately estimate the cost of each WBS element?

Did experienced experts help determine a reasonable cost estimate?

Was the estimate based on spedific quantities that would be ordered at one time,
allowing for quantity discounts?

Did the estimate account for contractor material handling overhead?

= |s there a definitive understanding of each WBS cost element’s composition?
= Were labor rates based on auditable sources? Did they include all applicable

overhead, general and administrative costs, and fees? Were they consistent with
industry standards?
Is a detailed and accurate materials and parts list available?

Expert opinion

= Do quantitative historical data back up the expert opinion?
= How did the estimate account for the possibility that bias influenced the resuits?
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) HL-LHC LAr Frontend Board (FEB2)

S
ATLAS

e Asin original construction, US groups
proposing to take lead responsibility
for electronics in LAr FE readout path,
with deliverables including:

= Radiation-tolerant (65 nm) ASICs

o Preamp/shaper (BNL, U Penn)
o 40 MHz ADC (Columbia)
o 10 Gbps Serializer (SMU)
o VCSEL array driver (SMU)

= Optical transmitter (OTx) (SMU) - T 4;
" Frontend Board (FEB2) (Columbia)

e WABS items are 6.4.x.1 (FE Electronics), 6.4.x.2 (Optics), 6.4.x.5 (PA/shaper)

e Apart from complementary French effort on Preamp/shaper, no non-US groups
are currently working on these tasks

e Full system requires installation of 1524 FEB2 boards (128 channels each)
e Asin original construction, planning to produce total of 1627
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LAr HL-LHC Upgrade Motivation

U
S
ATLAS
¢ Current L1 trigger uses Existing System Phase-I Upgrade
Level-1 Trigger Granularity (Trigger Towers) Level-1 Trigger Granularity (Super Cells)
analog sums of 60 LAr cells 60 cells per Trigger Tower; all layers summed 10 Super Cells per Trigger Tower
to make An x A® =0.1x0.1 v layer 3
. . Back: 2x4
trigger towers (TT), with NO (BxAp=0.050.025) EM layer 3
88 / Back: 2x4
longitudinal segmentation EMyer 2 - R
(AnxA4;=({025x0_025) | EM layer 2
, (b -0.025¢0.029
e Phase | upgrade will Front 3211
. lari (AnxA4=0.003125x0.1) EM layer 1
|mpmweL1gmnuaHWto s ﬂq S
give analog sums Prosamplr ot "
corresponding to I
(AxA9p=0.025x0.1
10 “super-cells” per TT !
e HL-LHC will provide _
full lari X Elementary Cell Trigger Tower Super Cell
ull granularity (6 ds many Layer Anx A¢ nyXng | AnXA¢ || nyXng An X Ag
channels), and with 0 | Presampler || 0.025 x 0.1 4x1 4x1 | 0.1x0.1
full dynamic range and 1 F.ront 0.003125 x 0.1 || 32 x 1 0.1 x 0.1 8x1 | 0.025 x 0.1
o 2 Middle 0.025 x 0.025 4 x4 1 x4 | 0.025 x 0.1
full precision for each 3| Back 0.05x 0.025 || 2x4 2x4 | 0.1x0.1

channel
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BOE Table: 6.4.x.2 Optics

6.4.3.2 LAr Optical Links | |
| Labor Labor M&S Travel TOTAL

WBS Description FTE AykS AykS AykS AykS
6432  LArOpticallinks 202 2374 981 40 339
... Engineers o (L R S S
. Techs R R R D

Students 7.0
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BOE Table: 6.4.x.3 BE Electronics

6.4.x.3 LAr BE EIectronics | |
| Labor Labor M&S Travel TOTAL
WBS Description __FTE Ayk$ Ayk$ Ayk$ Ayk$

6.4.x.3 §LAr BE Electronics 18.1 2,768 1,971 60 4,798

6.4.53  LArFE_Arizona 6.2 767 103

Students 2.8
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